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Preface 


In  its  1996  fiscal  year,  the  Massachusetts  Toxics  Use  Reduction  Institute  launched  the  first 
Cleaner  Technology  Demonstration  Sites  Program.  The  goal  of  the  program  was  to  promote 
the  adoption  of  cleaner  technologies  by  Massachusetts  industry.  Five  companies  were  selected 
as  demonstration  sites  to  showcase  the  implementation  of  technologies  that  embrace  the 
concepts  and  principles  of  toxics  use  reduction.  The  program,  which  included  a  series  of  visits 
to  the  facilities  and  related  presentations  and  publications,  allowed  individuals  and  firms  to 
observe  and  assess  their  value  first-hand.  Site  visits  were  open  to  industry,  environmental 
groups,  community  groups,  the  media  and  others. 

Associate  sponsors  of  the  program  included  the  Massachusetts  Office  of  Technical  Assistance 
for  Toxics  Use  Reduction,  the  Executive  Office  of  Environmental  Affairs,  the  Department  of 
Environmental  Protection,  the  Environmental  Protection  Agency  of  New  England,  and  the 
Associated  Industries  of  Massachusetts. 

This  was  the  first  of  an  annual  program  allowing  a  broad  range  of  companies  to  showcase 
cleaner  technologies.  The  program  will  continue  to  provide  grants  to  recognize  the  many 
companies  across  the  Commonwealth  that  have  used  toxics  use  reduction  and  cleaner 
technologies  while  enhancing  their  firm's  competitiveness. 

The  following  report  is  an  in-depth  analysis  of  the  cleaner  technology  demonstrated  at 
Metallized  Products,  Inc,  Winchester,  Massachusetts. 


We  would  like  to  express  sincere  thanks  to  John  Raschko,  Office  of  Technical  Assistance,  and 
Ken  Soltys,  Office  of  Technical  Assistance  for  their  helpful  comments  and  insights  in  the 
development  of  this  report. 


Notice 

This  report  has  been  reviewed  by  the  Institute  and  approved  for  publication.  Approval  does 
not  signify  that  the  contents  necessarily  reflect  the  views  and  policies  of  the  Toxics  Use 
Reduction  Institute,  nor  does  the  mention  of  trade  names  or  commercial  products  constitute 
endorsement  or  recommendation  for  use. 
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1.0  INTRODUCTION 


Metallized  Products,  Inc.  (MPT)  has  been  using  Electron  Beam  (EB)  curing  since  1978 
when  they  opted  for  a  way  to  participate  in  the  coating  business  without  using  solvents.  The 
company,  which  specialized  in  vacuum  deposition  of  aluminum  onto  plastic  films,  decided  to 
diversify  their  business  into  coating  and  laminating.  At  that  time,  MPI  acquired  the  first  wide 
web  electron  beam  processor  to  be  installed  in  the  United  States.  They  are  still  using  the 
technology  today,  have  since  acquired  a  larger,  more  powerful  EB  processor,  and  are  awaiting 
the  installation  of  a  third  unit.  In  addition  to  their  toll  manufacturing  business  (coating  paper 
and  film  for  customers),  they  have  used  the  EB  technology  successfully  in  the  development 
and  patenting  of  a  static  dissipative  packaging  product. 

Although  electron  beam  curing  has  been  a  viable  technology  for  over  25  years,  it  has 
only  seen  substantial  use  within  the  last  10  years,  mostly  by  large,  international  companies.  Its 
wider  implementation  could  reduce  the  use  of  toxic  and  hazardous  substances,  and  the 
generation  of  hazardous  byproducts  in  some  coating  processes.  Electron  beam  curing  uses  no 
solvents  or  volatile  organic  compounds,  but  instead  polymerizes  100%  reactive  coatings, 
reducing  the  risks  incurred  by  volatile  chemicals. 

Though  MPI  was  never  regulated  under  the  Massachusetts  Toxics  Use  Reduction  Act 
(TURA)  of  1989,  the  EB  curing  technology  they  employ  has  the  potential  to  affect  significant 
toxics  use  reduction  in  the  coatings  industry.  Toxics  use  reduction  (TUR)  is  defined  by  TURA 
as  "...in-plant  changes  in  production  processes  or  raw  materials  that  reduce,  avoid,  or 
eliminate  the  use  of  toxic  or  hazardous  substances  or  generation  of  hazardous  byproducts  per 
unit  of  product,  so  as  to  reduce  risks  to  the  health  of  workers,  consumers,  or  the  environment, 
without  shifting  risks  between  workers,  consumers,  or  parts  of  the  environment."' 

As  part  of  MPI's  effort  to  demonstrate  EB  processing  to  Massachusetts  individuals  and 
industries,  this  report  presents  technical,  economic,  and  environmental  information  to 
introduce  the  advantages  and  disadvantages  of  this  cleaner  technology. 

2.0    TECHNOLOGY  DESCRIPTION 

Electron  beam  curing  has  been  a  viable  technology  for  over  25  years  and  is  currently 
applicable  to  most  web  coating  processes.  It  is  a  particularly  promising  alternative  when  high 
speed  processes  are  required  or  when  using  heat  sensitive  substrates,  because  it  requires  no 
drying  time  and  uses  no  thermal  energy.  It  is  attractive  from  an  environmental  perspective 
because  the  coatings  generate  no  volatile  organic  compounds.  The  electron  beam  curing  unit 
can  be  adapted  to  traditional  printing  equipment  such  as  gravure,  offset  lithographic,  and 
flexographic  printing  presses  through  cooperative  efforts  of  an  electron  beam  equipment 
supplier  and  the  press  manufacturer.  Figure  1  shows  a  schematic  of  the  process  flow  used  at 
MPI,  where  an  electron  beam  curing  unit  is  installed  on  an  offset  gravure  coating  line. 


ELECTRON  BEAM  UNIT 


CORONA  TREATMENT 


Figure  1:    A  schematic  of  MPI's  EB  curing  process  -  The  substrate  is  coated  using  a  gravure  coating  system,  and 
is  then  exposed  to  an  electron  "curtain'  where  the  curing  takes  place  instantaneously. 

2«1   SuLstraies  and  Coatings 

Electron  beam  curing  uses  electrons  to  catalyze  the  polymerization  (or  curing)  of  a 
coating  on  a  substrate.  The  reaction  is  immediate,  and  no  additional  activators  are  necessary. 
However,  it  is  necessary  to  prepare  the  substrate  and  properly  formulate  the  coating  for  the 
ionization  or  free  radical  activation  process. 

2.1.1      Sutstrates  and  Pre-Treatment 

Any  substrate  which  can  be  transported  through  the  EB  unit  in  an  oxygen-free 
atmosphere  can  be  processed  successfully  using  the  EB  technology.  However,  in  many  cases, 
the  substrate  material  must  be  pre-treated  in  order  to  accept  the  coating  chemistry.  This  pre- 
treatment,  which  oxidizes  low  energy  surfaces  to  promote  wetting  and  adhesion  is  called 
corona  treatment.  In  the  application  system  that  MPI  uses,  the  substrate  web  is  mounted  on 
the  unwind  stand  and  then  passes  through  a  corona  treater  before  it  proceeds  through  the 
gravure  coating  process. 

The  corona  treatment  induces  electronic  discharge  by  passing  the  substrate  between  two 
rollers,  one  of  which  is  charged  with  a  high  potential  while  the  other  is  grounded.  This 
treatment  activates  the  surface  of  the  substrate  by  forming  oxygen-containing  groups  such  as 
hydroxyls  and  ketones  to  serve  as  bond  sites.  Corona  treatment  is  used  in  many  coating 
processes  because  it  also  serves  to  remove  loose  particles  from  the  substrate  to  prepare  the 
surface  for  coating. 
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2.1.2  Coatings 

The  coatings  used  in  electron  beam  curing  are  100%  solids  and  are  completely  reactive 
materials.  The  raw  materials  used  to  make  these  coatings  are  aery  late  esters  of  varying 
reactivity  such  as  urethanes,  epoxy  resins,  and  polyesters.  The  physical  properties  of  the  final 
coating  are  primarily  determined  by  oligimers,  low  molecular  weight  polymers.^  These 
oligimers,  typically  long-chain  acrylic  esters,  are  highly  viscous,  so  they  are  mixed  with  low 
viscosity  monomers  to  enhance  the  flow  of  the  coating.  The  monomers  used  are  typically 
acrylic,  and  due  to  the  volatility,  strong  odor,  and  allergenic  nature  of  these  low  molecular 
weight  monomers,  other  types  of  monomers  are  being  investigated.'  Pigments  may  be  added 
to  the  oligomer-monomer  mix  for  applications  that  require  color.  The  viscosity  range  for  most 
coatings  is  in  the  range  of  400  to  2000  cps. 

2.2  Tke  Electron  Beam  Curing  Unit^ 

The  electron  beam  curing  system  includes  coating  equipment,  a  material  transport 
system,  a  vacuum  system,  a  high  voltage  power  supply,  a  source  of  electrons,  and  a  control 
console.  The  key  components  of  tlie  EB  system  shown  in  Figure  2  are  described  below. 

Vacuum  System:  The  cylindrical  vacuum  chamber  is  kept  at  a  pressure  of  10"**  to  10'^  torr  (1 
torr  is  equal  to  133  Pa  or  0.0193  psi)  to  allow  for  the  generation  of  electrons  from  the  electron 
gun  which  is  housed  inside  the  chamber.  The  chamber  is  lined  with  lead  to  prevent  emissions 
of  radiation. 

High  Voltage  Power  Supply:  The  power  supply  chamber  is  comprised  of  several  transformers 
which  provide  different  voltages  to  different  components  of  the  gun.  One  voltage  stimulates 
the  production  of  electrons  by  heating  tungsten  filaments,  and  then  a  descending  string  of 
voltages  are  used  to  guide  the  electrons  out  through  the  chamber  to  the  substrate.  Since 
electrons  are  attracted  to  the  lowest  energy  state,  they  accelerate  toward  the  lower  voltage 
components  of  the  gun.  The  voltage  differential  (from  maximum  machine  voltage  to  ground) 
controls  the  speed  of  the  electrons  and  the  resulting  depth  of  penetration.  The  maximum 
voltages  on  the  two  machines  at  MPI  are  175  keV  and  225  keV. 

Electron  Gun  Assembly:  Tungsten  wire  filaments,  housed  within  the  electron  gun,  produce 
electrons  when  heated  by  an  applied  electric  current.  These  electrons  are  directed  through  the 
chamber  by  a  series  of  charged  components.  The  repeller  plate  has  a  high,  positive  voltage 
and  acts  to  repel  the  electrons  from  the  filaments.  The  voltage  of  the  extractor  grid  is  slightly 
lower  than  that  of  the  filaments,  and  propels  the  electrons  toward  the  terminal  grid  whose 
voltage  is  slightly  lower  than  that  of  the  extractor  grid.  The  electrons  are  led  out  of  the 
vacuum  by  their  attraction  to  lower  voltages  until  they  are  finally  expelled  from  the  vacuum 
chamber  at  speeds  up  to  about  100,000  miles  per  second  through  the  titanium  window.' 


3 


The  Window:  The  window  is  composed  of  a  series  of  thermally  conductive  copper  ribs  and  a 
thin  (12  micrometer)  sheet  of  titanium  foil  which  seals  the  vacuum  chamber.  Since  it  has  no 
applied  voltage,  this  window  is  at  ground,  the  point  of  lowest  energy  state  within  the  vacuum 
chamber.  The  electrons  are  attracted  to  this  low  energy  and  pass  through  the  window  into  the 
processing  zone. 

The  Processing  Zone:  The  coated  substrate  is  fed  into  the  processing  zone  on  an  idler  roller 
system.  A  stream  of  nitrogen  is  forced  into  the  processing  zone  to  remove  the  ambient  oxygen 
which  could  interfere  with  the  electrons.  The  electrons  penetrate  the  coating  and  substrate, 
triggering  an  instantaneous  reaction  between  the  coating  and  the  substrate,  resulting  in 
polymerization  or  crosslinking  of  the  coating.  Approximately  one  percent  of  the  electron 
energy  is  converted  into  x-rays  as  the  electrons  hit  the  coated  surface.  These  x-rays  are 
absorbed  by  lead  shielding  from  which  this  excess  energy  is  dissipated  in  the  form  of  heat. 
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Figure  2:  The  Electron  Beam  Unit 
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2*3  Ckemical  Interactions 


When  the  coated  substrate  passes  through  the  electron  curtain,  the  electrons  cause  the 
formation  of  free  radicals  (unpaired  electrons)  which  attach  instantaneously  to  double  bonds  of 
other  molecules  in  the  coating  to  form  long  chain  polymers.  This  polymerization  process 
instantaneously  converts  the  entire  liquid  coating  into  a  solid. 

In  addition  to  polymerizing  the  coating,  electron  beam  processing  can  perform  two  other 
functions:  crosslinking  and  sterilization.  Crosslinking  changes  the  physical  characteristics  of  a 
substrate  by  forming  extra  links  between  large  polymer  chains  to  form  a  stronger  molecular 
structure  and  bond.  Electron  beam  processing  acts  as  a  physical,  rather  than  chemical, 
sterilizer  by  breaking  DNA  chains  of  microorganisms  on  the  substrate  surface,  rendering  them 
sterile.  After  sterilization,  no  microbial  decomposition  can  take  place.  Because  it  is  a  physical 
sterilization  process,  electron  beam  processing  does  not  leave  any  residual  chemicals,  or  alter 
the  chemistry  of  the  target  product. 

2.4  Otter  Coating  Processes 

Coating  alternatives  to  EB  coating  systems  include  thermal  and  ultraviolet  systems, 
described  briefly  below. 

2.4.1  TKermal  Systems 

There  are  two  types  of  thermal  curing  systems,  those  that  use  solvent-based  inks  and 
coatings,  and  those  that  use  aqueous-based  inks  and  coatings.  In  both  systems,  the  coating  is 
applied  conventionally  (gravure,  flexographic,  etc.)  and  then  thermally  dried  (cured)  in  a  gas 
oven  or  infrared  emitter.  The  advantages  over  EB  are  the  lower  costs  of  equipment  and 
coatings.  Some  disadvantages  of  thermal  curing  systems  include  higher  operating  costs, 
exposure  of  the  substrate  to  heat,  increased  floor  space  requirements,  slower  production 
speeds,  and  potential  emissions  of  volatile  organic  chemicals. 

2.4.2  ultraviolet  Systems 

Ultraviolet  (UV)  curing  is  similar  to  EB  curing  in  that  it  uses  energy  to  induce  a  chemical 
reaction  in  a  coating  after  its  application  to  the  substrate.  The  energy  induced  by  the  photons 
in  UV  curing  is  weaker  than  that  induced  by  electrons,  and  thus  is  non-ionizing.  As  a  result, 
the  coatings  must  have  photoinitiators  in  their  chemistry  to  capture  the  ultraviolet  energy  which 
initiates  the  chemical  reaction  between  the  molecules.  Ultraviolet  units  typically  handle 
narrower  webs,  and  run  at  slower  speeds  than  EB  units,  but  may  be  able  to  handle  substrates 
with  more  complex  surfaces  since  the  UV  lamps  can  be  placed  at  different  angles  to  the 
substrate. 
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3.0  ENVIRONMENTAL,  HEALTH,  AND  SAFETY  ASSESSMENT 


The  environmental,  health  and  safety  impacts  of  electron  beam  coating  include  both 
chemical  and  energy  considerations.  The  health  and  safety  issues  related  to  this  process 
require  some  attention  due  to  the  nature  of  the  coatings  and  the  potential  exposure  to  ozone  and 
ionizing  radiation  from  the  process.^  At  MPI,  two  operators  at  each  coating  unit  are 
responsible  for  running  the  press,  replacing  the  substrate  rolls,  refilling  the  coating  reservoir, 
and  controlling  the  switches  for  the  electron  beam  accelerator.  Since  there  are  no  volatile 
organics  used  in  the  coatings  and  waste  is  reduced  due  to  ease  of  operations  and  long  coating 
life,  the  environmental  impacts  of  EB  curing  process  are  relatively  low  compared  to  traditional 
coating  processes. 

3.1  CLemical  HazarJs 

The  monomers  and  oligomers  used  in  the  coating  formulations  are  considered  skin  and 
eye  irritants  and  may  be  slightly  toxic  upon  ingestion.*  Over  the  years,  the  coatings  used  in 
the  electron  beam  process  have  been  improved,  and  new  less  toxic  coatings  are  still  being 
developed.  All  known  carcinogens  were  eliminated  from  the  coatings,  but  most  acrylated 
radiation  curable  coatings  are  considered  allergenic  materials,  so  contact  with  body  tissues  by 
inhalation,  ingestion,  or  skin  adsorption  should  be  avoided.   Though  MPI  provides  goggles 
and  gloves  to  the  machine  operators,  they  don't  encourage  operators  to  wear  gloves  because 
the  coatings  could  splash  up  into  the  gloves  and  go  unnoticed.  Since  the  coatings  have  low 
volatility,  inhalation  is  unlikely,  though  there  may  be  a  negligible  amount  of  coating  materials 
and  ozone  aspirated  at  the  turbulent  nitrogen  zone  (the  stream  of  forced  nitrogen  in  the 
processing  zone). 

Ozone  (O3)  is  produced  at  the  corona  treater  and  potentially  in  the  curing  zone.  The 
ozone  which  is  produced  in  the  oxidation  process  at  the  corona  treater  is  exhausted  through  a 
local  ventilation  system.  Any  ozone  which  is  produced  in  the  curing  zone  is  exhausted  through 
a  canopy  exhaust  which  is  typically  mounted  directly  over  the  EB  unit  with  side  curtains  to 
reduce  the  effects  of  cross-drafts.  If  the  nitrogen  stream  is  working  well,  there  should  be  no 
more  than  0. 1  parts  per  million  ozone  concentration  in  the  work  area  with  little  additional 
ventilation.  The  ozone  is  exhausted  directly  into  the  outside  air,  where  it  quickly  breaks  down 
and  forms  oxygen  (O2).  The  exhaust  systems  are  inspected  periodically  to  assure  that  the 
ozone  contributes  little  or  no  risk  to  the  health  of  the  machine  operators. 

3.2  Hazards  Imposed  hj  Energy 

EB  technology  involves  the  generation  of  electrons  at  high  velocity,  creating  a  form  of 
ionizing  radiation.  The  ionizing  radiation  would  result  from  energy  that  wasn't  consumed  in 
the  curing  process.  Most  of  the  electrons  pass  through  the  coated  substrate  and  generate  free 
radicals  (bonding  sites),  triggering  an  instantaneous  chemical  reaction  between  the  molecules 
of  the  coating  and  the  substrate.  The  remainder  of  the  electrons  collide  with  the  lead 
shielding,  forming  x-rays  which  are  absorbed  by  the  lead,  from  which  the  energy  is  dissipated 
in  the  form  of  heat. 
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Because  the  technology  incorporates  a  form  of  radiation,  which  can  be  a  serious  health 
hazard  if  the  necessary  engineering  controls  are  not  implemented,  a  company  must  notify  the 
Radiological  Health  Agency  and  must  register  with  the  state  when  an  electron  beam  system  is 
installed.  The  company  that  installs  the  equipment  usually  takes  the  initiative  to  safeguard  the 
electron  beam  unit,  which  includes  equipping  the  unit  with  a  lead  liner  and  fail  safe  interlocks 
to  prevent  accidental  exposure.  The  interlocks  will  not  disengage  to  allow  access  to  the  EB 
processor  if  there  is  any  radiation  present.  At  MPI,  there  are  several  radiation  monitors 
around  the  equipment,  one  at  the  EB  component,  and  one  at  the  worker's  station.  If  a  monitor 
at  the  EB  component  has  an  unsafe  reading,  the  machine  will  automatically  shut  down. 

Operators  at  MPI  are  trained  by  Energy  Sciences  Inc.,  who  supplies  their  electron  beam 
equipment,  about  the  dangers  of  such  equipment.  The  power  source  of  the  EB  unit  has  a  high 
potential,  and  as  with  any  high  voltage  equipment,  precautions  must  be  taken  to  avoid 
electrocution,  particularly  in  the  accelerator  field  where  the  voltages  are  the  highest.  This 
warrants  a  strong  energy  control  procedure  (lockout/tagout)  to  assure  that  equipment  is 
properly  de-energized  prior  to  maintenance  and  repair. 

3.3  Air  Jg  missions 

The  coatings  used  in  EB  curing  are  composed  of  oligomers  and  monomers,  the  most 
common  of  which  are  acrylic  esters.    Conventional  coatings  are  composed  of  resins  (eg., 
alkyd  or  phenolic)  and  25  -50%  solvents.  These  solvents  are  often  high  in  volatile  organic 
compounds  that  may  pose  negative  environmental  and  health  effects  in  the  form  of 
stratospheric  ozone  layer  depletion  and  the  creation  of  ground  level  ozone.  Because  there  are 
no  volatile  solvents  used  in  EB  coatings,  the  burden  of  compliance  to  increasingly  strict 
environmental  regulations  is  dramatically  reduced  by  adopting  EB  technology.  The  use  of 
solvent-  or  aqueous-based  coatings  could  require  a  company  to  comply  with  environmental 
regulations  such  as  the  Clean  Air  Act,  and  to  report  and  develop  TUR  plans  under  the  Toxics 
Use  Reduction  Act. 

3.4  Waste  Management 

Since  EB  coatings  wUl  not  dry  or  cure  without  exposure  to  an  electron  beam,  coatings 
used  in  process  may  be  reused  and  stored  for  long  periods  of  time.  This  helps  reduce  the 
amount  of  waste  coatings  generated  in  the  process.  The  average  quantity  of  waste  generated 
from  the  EB  process  at  MPI  is  approximately  two  drums  (110  gallons)  per  year,  which  consists 
mostly  of  unusable  or  discontinued  coatings  that  are  sent  off-site  for  incineration.  In  addition, 
MPI  uses  approximately  55  gallons  of  solvent  (acetone)  per  year  to  clean  the  coating 
equipment.  The  rags  used  to  clean  the  equipment  are  deposited  in  a  waste  container,  dry 
cleaned,  and  returned  to  MPI.  The  acetone  completely  evaporates  from  the  rags  prior  to  dry 
cleaning. 
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3.5  Recycla] 


A  1992  study  found  that  "EB  printed  and  coated  paper  can  be  recycled  into  tissue  and/or 
fine  paper  grades  using  commercially  available  equipment. These  materials  can  be  repulped 
and  deinked  comparably  to  substrates  that  were  printed  and/or  coated  using  more  traditional 
methods. 


4.0  ECONOMIC  ASSESSMENT 

Due  to  the  diversity  of  the  coatings  industry,  it  is  difficult  to  present  a  generalized 
economic  comparison  between  EB  and  other  coating  processes.    An  analysis  of  a  particular 
company's  product  mix  and  process  variables  could  determine  whether  EB  coating  would  be 
an  economically  viable  option  to  replace  solvent  coating  process.  Though  capital  costs  of  EB 
equipment  may  be  significantly  higher  than  traditional  coating  and  curing  equipment,  low 
operating  costs  and  high  production  efficiencies  make  EB  an  attractive  option  in  many 
situations.  A  comparison  of  the  cost  for  the  entire  coating/curing  system  indicates  that  an  EB 
system  can  be  less  expensive  than  other  systems.   Capital  costs  may  be  recovered  over  time 
due  to  faster  production  speeds,  energy  savings,  reduced  environmental  regulatory  costs,  and 
the  ability  to  use  EB  technology  to  produce  unique  and  high  quality  products. 

4.1  Capital  Equipment  Expenditiires 

Electron  beam  curing  equipment  tends  to  have  higher  capital  costs  than  other  forms  of 
curing  equipment.  The  purchase  and  installation  costs  of  a  single  unit  are  between  $200,000 
and  $1,000,000,  depending  on  the  size  and  capacity  of  the  equipment.   However,  as  the  web 
width  and  process  speeds  increase,  the  capital  costs  for  EB  equipment  decrease  in  comparison 
to  thermal  and  ultraviolet  curing  equipment  (Figure  3).  Since  these  variables  help  determine 
the  economic  benefit  of  the  capital  investment,  they  should  be  considered  when  calculating  the 
payback  period.  MPI  recovered  the  capital  equipment  expenditures  of  their  second,  larger  EB 
machine  in  about  24  months. 
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4.2  Operating  Costs 


The  low  operating  costs  of  electron  beam  curing  make  EB  an  attractive  process  especially 
for  wide-web  and  high  speed  applications. 

4.2.1      Process  Savings 

Figure  4  shows  cost  comparisons  of  production  speeds,  operating  costs  and  space 
requirements  for  three  types  of  curing  systems.  The  low  operating  cost  of  the  EB  system  is 
due,  in  part,  to  the  high  production  speed  and  the  ability  to  control  the  operation  with  a  dial 
while  the  process  is  still  running.  The  typical  gas  drying  oven  used  in  thermal  applications  is 
about  40  feet  long,  while  an  EB  system  requires  no  drying  oven,  and  the  curing  unit  is  only 
about  five  feet  long. 


Capital  Investment  Comparison 


24  inch  web,  400  fUmin. 


1^00 
^1.000 
J  800 

I 

I  ^ 
*  200 

0 


m 


EB 


Thermal 
Curing  System 


UV 


Capital  Investment  Comparison 


1,600 


60  Inch  web,  1000  ft/min. 


Thermal 
Curing  System 


Figure  3:  Economic  Comparison  of  the  Initial  Capital  Investment 
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Production  Speed 
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Figure  4:  Production  speed,  operating  cost,  and  floor  space  comparisons  of  various  coating  systems  " 


Note:  The  costs  presented  in  Figures  3  and  4  are  general  comparisons.  When  developing 
costs  for  a  specific  application,  each  case  must  be  evaluated  on  its  own  merit. 
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The  energy  cost  savings  associated  with  EB  curing  are  due  primarily  to  the  avoidance  of 
drying.  Energy  used  to  drive  off  water  from  aqueous-based  coatings  or  solvent  from  solvent- 
based  coatings  is  a  significant  operating  expense.  The  EB  process  does  not  require  a  thermal 
drying  process  or  a  thermal  oxidizer  to  destroy  emissions  of  volatile  organic  compounds. 
Finally,  although  EB  requires  high  voltages,  it  uses  low  amperage  (milliamps),  which  keeps 
the  energy  costs  low. 

In  addition  to  the  economic  advantages  of  reduced  energy  use,  higher  production  speeds, 
and  space  savings,  the  reduction  in  toxic  waste  over  traditional  curing  methods  could  be  a 
significant  contributor  to  the  savings  accrued  by  using  EB  over  other  coating  methods. 

4.2.2  Regulatory  and  Hazardous  Waste  Disposal  Costs 

The  EB  process  at  MPI  produces  less  hazardous  waste  than  a  typical  solvent-based 
coating  process  and  has  less  impact  on  air  quality  since  there  are  no  volatile  emissions.  They 
generate  only  two  drums  (110  gallons)  of  waste  per  year,  consisting  mostly  of  unusable  or 
discontinued  coatings,  which  are  sent  off-site  for  incineration.  Because  the  EB  process  uses 
such  small  quantities  of  regulated  toxics,  there  is  a  clear  economic  advantage  when  compared 
to  other  coating  methods.  For  example,  MPI  pays  a  hazardous  waste  disposal  facility 
approximately  $160  per  drum  to  incinerate  their  waste.  Since  they  only  produce  two  drums  of 
hazardous  waste  per  year,  there  are  no  other  associated  regulatory  fees.  In  contrast, 
companies  that  use  solvent-based  (thermal)  systems  will  pay  significantly  more  per  year  in 
charges  relating  to  their  use  of  hazardous  materials.  These  costs  may  include  the  salary  of  an 
employee  to  manage  the  hazardous  materials,  charges  for  disposal  and  storage  documentation, 
TURA  compliance  costs,  increased  insurance  premiums  for  the  storage  of  flammable 
materials,  and  in  some  cases,  the  purchase  and  operating  costs  of  a  thermal  oxidizer  to 
combust  solvent  emissions.  Furthermore,  these  firms  are  more  at  risk  of  incurring  regulatory 
fines  and  liability  costs. 

4.2.3  Cost  of  Coatings 

EB  coatings  are  approximately  twice  as  expensive  per  volume  than  solvent  coatings. 
Though  they  tend  to  have  about  10-20%  better  coverage  than  solvent-based  coatings,  they 
can  still  be  more  expensive  per  square  meter  for  the  same  performance  characteristics. 
However,  EB  coatings  often  provide  physical  and/or  aesthetic  qualities  that  justify  this 
increased  cost. 
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5.0  APPUCATION  AND  TRANSFERABILITY 


Although  EB  is  a  non-conventional  curing  method,  it  can  be  easily  adapted  to  traditional 
coating  or  printing  equipment.  Technology  suppliers  such  as  Energy  Sciences,  Inc.  of 
Wilmington,  Massachusetts  work  with  customers  and  the  press  manufacturers  to  come  up  with 
a  suitable  processing  system.  The  benefits  of  electron  beam  curing  make  it  a  very  attractive 
alternative  when  fast,  high  volume  production  is  necessary  or  economically  valuable. 

5.1    Benefits  of  Electron  Beam  Cvirin^ 

As  discussed  earlier,  there  are  several  benefits  to  replacing  a  solvent  based  system  with 
an  electron  beam  unit: 

•  EB  eliminates  solvents  (volatile  organic  compounds)  from  conventional  printing 
processes  where  high  solvent  content  inks  or  coatings  are  in  use.  This  may  help  to 
reduce  the  costs  associated  with  environmental  regulations  and  fees  as  well  as 
insurance  premiums  which  may  be  assessed  according  to  the  volatile  and  explosive 
nature  of  the  solvents. 

•  Due  to  the  nature  of  the  coating  mixtures  and  the  penetration  depth  of  the  electron 
curtain,  EB  can  cure  thick  coatings  with  only  one  run  through  the  machine.  The  low 
viscosity  of  solvent-  and  aqueous-based  coatings  will  not  allow  thick  application  of 
coatings,  and  thus  substrates  must  be  run  through  the  system  several  times  to  achieve 
thick  coatings.  In  ultraviolet  systems,  though  the  coatings  may  have  the  required 
viscosity,  the  penetration  depth  is  insufficient  to  cure  thick  coatings. 

•  EB  coatings  cure  instantaneously,  so  no  dryer  is  necessary.  This  has  three  principal 
advantages: 

•  EB  curing  systems  occupy  only  about  five  linear  feet  of  floor  space. 

•  EB  is  energy  efficient  because  there  is  no  drying  involved. 

•  The  speed  of  the  EB  process  (500  -  1(XX)  ft/min.)  reduces  labor  hours  per  yard  of 
substrate,  thus  increasing  production  efficiency. 

•  EB  is  a  good  substitute  for  processes  in  which  heat  sensitive  substrates  are  being 
used  such  as  polyethylene  or  polypropylene  because  it  does  not  require  a  thermal 
drying  process.  Though  there  may  be  some  residual  heat  given  off  during  the 
chemical  reaction,  it  is  not  enough  to  effect  the  substrate.  This  prevents  distortion, 
drying  out  of  paper  substrates,  and  other  thermal  damage  which  may  occur  in 
thermal  systems. 

•  Simple  operations  and  maintenance  of  the  EB  process  make  it  very  attractive  on  the 
manufacturing  floor. 

•  Equipment  set  up  is  quick  and  simple,  requiring  the  operator  only  to  fill  the 
coating  reservoir  and  change  the  substrate  rolls. 

•  Any  voltage  or  equipment  speed  adjustments  involve  a  simple  turn  of  the  dial. 

•  The  coating  quality  is  consistent  from  the  beginning  of  the  substrate  roll  to  the 
end,  and  there  is  no  need  to  stop  production  to  adjust  the  coating  chemistry. 
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5.2  Hxamples  of  HB  Applications 


The  list  of  products  which  have  been  processed  successfully  using  the  electron  beam 
technology  is  extensive.  The  technology  is  constantly  improving,  which  will  provide  more 
opportunities  in  the  EB  market.  Some  of  the  current  applications  include: 


Paper  Paper  Flyers 

Stamps  Release  Liners 

Currency  Sterilization  of  Medical  Bandages 

Adhesives  Fiber  Optics  (crosslinking) 

Primer  Coatings  Consumer  Goods  Packaging 

Packaging  Film  Ready-to-Assemble  Furniture 


EB  coatings  are  unique  due  to  their  chemistries  and  are  typically  characterized  by  scratch 
resistance,  durability,  high  clarity,  weather  resistance,  and  good  release  prop)erties.  High  or 
low  gloss,  adhesive,  and  static  dissipative  coatings  are  typical  examples.  Substrates  that  can  be 
coated  and  cured  with  an  EB  process  include  films,  paper  and  fabric.  Because  the  process  is 
not  thermal,  it  will  not  shrink  or  warp  the  product. 


6.0  BARRIERS  TO  IMPLEMENTATION 

Though  there  are  many  benefits  to  electron  beam  processing,  the  technology  also  has 
limitations  that  need  to  be  addressed. 

6.1  Geometric  an  J  Ckemical  Limitations 


The  unique  mechanical  and  chemical  nature  of  electron  beam  curing  has  made  it  most 
easily  applicable  to  wide-web  (over  55  inches),  high  speed  coating  processes.  However, 
electron  beam  curing  technology  is  advancing,  and  it  is  expected  that  EB  will  soon  be  available 
for  a  wider  variety  of  applications,  such  as  curing  on  uneven  surfaces. 

The  major  mechanical  obstacle  to  EB  curing  has  been  the  need  to  deliver  the  electron 
beam  to  the  substrate  along  a  single  line  of  sight,  restricting  EB  coatings  to  a  single  plane  of 
application,  perpendicular  to  the  electron  curtain.  In  the  past,  it  has  limited  EB  from  three 
dimensional  applications,  though  the  Volkswagon  corporation  in  Germany  has  successfully 
used  EB  to  coat  wheel  wells. 

The  chemistry  of  electron  beam  processing  has  also  been  an  obstacle  to  the  expansion  of 
EB  to  application  processes  other  than  web  coating.  The  actual  curing  step  of  the  procedure 
must  be  performed  in  an  inert,  oxygen  free  atmosphere.  Traditionally,  this  is  accomplished  by 
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forcing  nitrogen  into  the  space  where  the  electron  beams  contact  the  coating.  Although  it  has 
been  used,  the  application  of  this  nitrogen  process  in  a  sheet  fed  operation  is  expensive.  The 
industry  has  been  successful  in  sheet-fed  systems  by  substituting  a  vacuum  for  the  nitrogen 
stream,  opening  up  potential  opportunities  for  EB  curing. 

6.2  Coating  ConsiJerations 

The  properties  of  EB  coatings  are  unique  and  may  require  special  handling  and  storage 
methods.  The  following  considerations  should  be  addressed: 

•  EB  coatings,  like  some  solvent-based  coatings,  may  be  allergens  and  skin  sensitizers, 
so  they  must  be  handled  accordingly  (proper  personal  protective  equipment). 

•  EB  coatings  manufacturers  typically  recommend  that  the  coatings  are  stored  for  no 
longer  than  six  months,  however,  some  coatings  may  last  for  five  or  more  years  in 
storage. 

•  The  coatings  may  polymerize  if  they  are  exposed  to  heat  in  excess  of  90°  F  during 
storage. 

•  The  coatings  can  have  higher  viscosities  than  conventional  coatings,  making 
application  potentially  problematic. 

•  Not  all  conventional  coatings  have  an  off-the-shelf  EB  equivalent,  therefore  some 
formulation  work  may  be  required. 

6.3  FooJ  and  Dni^  Administration 

It  should  be  noted  that  radiation  curing  has  not  yet  been  accepted  by  the  FDA  for 
coatings  which  are  in  direct  contact  with  foods  which  may  absorb  residual  chemicals  from  their 
packaging  such  as  bread,  chocolate,  and  liquids.  This  is  more  of  a  concern  for  UV  where 
there  may  be  some  unreacted  residue,  whereas  EB  coatings  are  generally  100%  reacted.  EB 
and  UV  can  both  be  used  to  print  on  items  such  as  milk  cartons  and  juice  boxes  because  they 
have  an  inner  liner  which  separates  the  food  from  the  printed  paper  on  the  outside  of  the 
carton. 


7.0  CONCLUSIONS 

Electron  beam  processing  is  a  technology  which  may  provide  companies  with  both  an 
economic  edge  and  a  reputation  as  an  environmental  firm.  EB  is  likely  to  save  significant 
production  time,  since  coating  adjustments  can  easily  be  made  while  the  operation  is  in 
progress.  Environmental  savings  take  the  form  of  lowered  insurance  rates,  reduced  exposure 
to  toxic  chemicals,  and  savings  in  liability  and  documentation  of  toxics  use.  EB  equipment 
saves  energy  and  space  over  conventional  thermal  curing  operations.  EB  also  provides  a  new 
technology  in  which  new  products  may  be  developed  and  old  products  enhanced.  Before 
installing  EB  equipment,  a  company  should  begin  with  a  technical  and  economic  analysis  of 
their  product  and  process,  to  ensure  that  EB  is  appropriate  for  their  application. 
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